Neck Irradiation: a Risk Factor for Occlusive Carotid Artery Disease  by Halak, M. et al.
Eur J Vasc Endovasc Surg 23, 299–302 (2002)
doi:10.1053/ejvs.2001.1555, available online at http://www.idealibrary.com on
Neck Irradiation: a Risk Factor for Occlusive Carotid Artery Disease
M. Halak1, S. Fajer1, H. Ben-Meir1, Z. Loberman1, B. Weller2 and R. Karmeli∗1
1Department of Vascular Surgery, Carmel Medical Center, 2Department of Neurology, Bnai Zion Medical Center,
Haifa, Israel
Objectives: to determine whether irradiation is an independent risk factor for carotid atherosclerosis, and propose
guidelines for patient follow-up.
Design: a retrospective case control study.
Materials and methods: two groups of patients with severe carotid artery stenosis (>70%) were compared: 30 post-
neck irradiation patients, and a control group of 100 patients with no history of neck irradiation. Disease location and
severity were assessed by duplex. The relationship between atherosclerotic risk factors, time since irradiation and carotid
artery disease was examined.
Results: the average age of study group patients was 67 years (43–86) compared to 69 years (46–89) in the control
group. The average interval from irradiation to diagnosis was 14 years (3–53) (median 12.5 years). The study group
suffered less from diabetes, ischaemic heart disease, and peripheral vascular disease (p<0.02). There were no significant
differences among risk factors with respect to age, gender, smoking, hypertension, and hypercholesterolemia. Post-neck
irradiation patients had a significantly higher prevalence of bilateral disease (p=0.02), and a higher rate of common
carotid artery lesions (p<0.002).
Conclusions: neck irradiation should be considered a risk factor for occlusive carotid artery disease. Preoperative
angiographic study should be considered, due to frequent involvement of the common carotid artery.
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Introduction Objectives
The long-term destructive effect of external therapeutic The aims of the present study were to determine
whether irradiation is a risk factor for development ofirradiation on the arterial wall has been well docu-
mented in animal and in human studies.1–4 The fol- carotid atherosclerosis; to assess the effect of neck
irradiation on the location and severity of the carotidlowing factors may influence such injury: type of
radiation, number of fractions, dose, and time interval arterial disease; and to propose guidelines for follow-
up of post-neck irradiation patients.from treatment.4,5 The vascular injury induced by ir-
radiation involves all layers of the vessel wall and is
characterised by endothelial cell proliferation, medial
scarring and loss of smooth muscle, and adventitial
Patients and Methodsfibrosis.2 Irradiation may also accelerate the de-
velopment of atherosclerosis.
Severe carotid artery disease was defined as stenosisNowadays, the use of multimodality therapy for
of over 70% on duplex scanning. The study groupmalignancies is resulting in an increasing number of
comprised 30 patients (15 male and 15 female) with along-term survivors and, thus, the long-term effects
history of neck irradiation, referred to our clinic be-of irradiation are becoming more important.
tween January 1994 and December 1997. The controlHowever, since atherosclerosis is common, it may
group comprised 100 consecutive patients with severebe difficult to distinguish irradiation-induced from
carotid artery disease, with no history of neck ir-atherosclerotic vascular disease.
radiation referred to our clinic during the same time
period.
∗ Please address all correspondence to: R. Karmeli, Vascular Surgery Patients underwent an interview, a physical ex-Department, Carmel Medical Center, 7 Michal Street, Haifa 34362,
Israel. amination, and a duplex scan of the neck arteries. The
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Table 1. Indications for therapeutic irradiation. Discussion
Indication No. of patients
The present study confirms that irradiation is a risk
Vocal cord cancer 6 factor for atherosclerosis.2,3,6,7 The post-irradiation ca-
Hodgkin’s lymphoma 5 rotid artery disease was found to be accompanied byLaryngeal cancer 5
Non-Hodgkin’s lymphoma 2 fewer atherosclerotic risk factors and disease. How-
Melanoma 2 ever, our results contradict those of Carmody et al.,
Parotid gland cancer 2 who did not find any significant difference with regardBreast cancer 2
Thyroid cancer 2 to such factors.
Tenea capitis 2 The present study also points to the diffuse and
Gloseal cancer 1 atypical location of the atherosclerotic carotid arteryTonsilar cancer 1
disease in the post-neck irradiation patient. We found
that the proximal and distal common carotid arteries
location of the occlusive disease in the study group as well as the distal internal carotid artery were sig-
and in the control group was compared at 5 points: nificantly more involved in the atherosclerotic process
the proximal common carotid artery (CCA); the distal in the post-irradiation group than in the control group,
CCA; proximal internal carotid artery (ICA); the distal while there was no significant difference concerning
ICA; and the origin of the external carotid artery. the proximal internal carotid artery.
These findings indicate the need to evaluate the pre-
cise location of the disease prior to surgery. Kashyap et
al. conclude that duplex scanning alone is sufficient inRisk factors definitions
most cases, and that angiography should be performed
only in cases of previous history of chest irradiation orThe following risk factors were documented: hy-
when the duplex gives evidence of proximal carotidpercholesterolemia (blood total cholesterol level
disease.7 Our results, as well as those of others, of the>240 mg%); ischaemic heart disease (IHD; coronary
disease along the carotid arteries,9–11 leads us to believecatheterisations; PTCA; or CABG); Fontain clas-
that angiography is mandatory.sification 2b, 3, and 4; peripheral vascular disease
With regard to carotid angioplasty and stenting,(PVD); treated hypertension; treated diabetes (DM);
Yadav et al. conclude that this method is feasible andand smoking (current or past history of >20 pack/
safe.12 Furthermore, Bergeron concluded that: “in-years).
dications need to be limited to selected lesions, suchData were analysed by the Chi-square Fisher exact
as . . . radiation induced stenosis”.13 We believe thatmethods.
the high incidence of common carotid disease in post-
irradiation patients challenges the view. For example,
the potential need for more than one stent might
Results complicate the procedure and increase morbidity. Due
to limited experience, worldwide, this dilemma re-
The average age of patients in the study group was mains unresolved.
67 years (range 43–86), and that of the control group The average time interval from irradiation to dia-
was 69 years (range 46–89). The indications for ir- gnosis of carotid disease in our study was 14 years
radiation are given in Table 1. The median time interval (range 3–53) (median 12.5 years). Previous studies
from irradiation to diagnosis of the carotid disease reported that time interval as ranging from several
was 12.5 years (range 3–53). months to over 20 years.6–11,14
DM, IHD and PVD were significantly more pre- Carmody et al. as others found routine carotid du-
valent in the control group (p<0.02) (Table 2). plex surveillance to be warranted in the post-neck
irradiation high-risk population.8,9,11,17 Based on the
above discussion, we recommend that follow-up of all
Location of the occlusive disease patients who received neck irradiation should include
yearly duplex scanning, beginning 3 years after com-
Bilateral disease was significantly more prevalent in pletion of radiotherapy. Of note is the heterogeneity
the study group. The prevalence of severe disease in of the indications for radiotherapy, as well as the
the proximal and distal CCA, and the distal ICA was changes in doses, time, and fractionation. These vari-
found to be significantly higher in the study group ables might implicate a different behaviour of the post-
irradiation arterial disease.(p<0.01; Fig. 1).
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Table 2. Comparison of risk factors and prevalence of bilateral carotid disease between post-neck irradiation patients and controls.
Present study Previous studies
Post-neck Control Post-neck Control (%)
irradiation n=100 (%) irradiation7
n=30 (%) n=24 (%) NASCET data15 ACAS data16
n=1212 (%) n=1664 (%)
Diabetes mellitus 5 (17)∗ 40 (40)∗ 4 (17) 255 (21) 384 (23)
Ischaemic heart
disease 8 (27)∗ 52 (52)∗ 4 (17) 630 (52) 1148 (69)
Peripheral vascular
disease 0.0 (0)∗ 25 (25)∗ n.a n.a n.a
Hypertension 14 (47) 64 (64) 11 (46) 764 (63) 1065 (64)
Smoking 7 (24) 26 (26) 18 (75) 994 (82) n.a
Hypercholesterolemia 8 (27) 37 (37) n.a n.a n.a
Bilateral carotid
disease 29 (97)∗ 74 (74)∗ n.a n.a n.a
NASCET, North American Symptomatic Carotid Endarterectomy Trial.
ACAS, Asymptomatic Carotid Artery Stenosis Study.
n.a, non-available data.
∗, statistically significant (p=<0.02).
Fig. 1. Distribution of carotid disease.
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